JC13Rec'dPCT/PT0 0 4 MAR 2002 



FORM PTO-l 390 
TRADEMARK OFFICE 



U S DEPARTMENT OF COMMERCE PATENT AND 

: OFFICE 

(REV 9-2001) 

TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C. 371 



INTERNATIONAL APPLICATION NO. 

PCT/EPOO/08727 



INTERNATIONAL FILING DATE 
5 September 2000 



ATTORNEY'S DOCKET NUMBER 

TS0396 us 



U S APPLICATION NO known, see 37 CFR I 5) 

lO/070ftP7 



PRIORITY DATE CLAIMED 
6 September 1999 



TITLE OF INVENTION: 
MIXING DEVICE 



APPLICANT(S) FOR DO/EO/US: 
WENTINCK, Hendrik, Martinus 



Applicant herewith submits to fbe United States Designated/Elected Office (DO/EO/US) tiie following items and other information: 

1. El This is a FIRST submission of items concerning a filing under 35 U.S.C. 371. 

2. □ This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 37 1 . 

3. □ This is an express request to begin national examination procedures (35 U.S.C. 371(f)). The submission must include 

items (5), (6), (9) and (21) indicated below. 

4. □ The US has been elected by the expiration of 19 months from the priority date (PCT Article 3 1), 

5. Ha copy of the International Application as filed (35 U.S.C. 371(cX2)). 

a. □ is attached hereto (required only if not communicated by the International Bureau). 

b. H has been communicated by the International Bureau. 

c. □ is not required, as the application was filed in the United States Receiving Office (RO/US). 

6. □ An English language translation of the International Application as filed (35 U.S.C. 37 1 (c)(2)). 

A □ is attached hereto 

b. □ has been previously submitted under 35 U.S.C. 154(d)(4). 

7. S Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 37 1(c)(3)). 

a □ are attached hereto (required only if not communicated by the International Bureau). 

b. □ have been communicated by the International Bureau. 

c. □ have not been made; however, the time limit for making such amendments has NOT expired. 

d. 13 have not been made and will not be made. 

8. □ An English language translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)). 

9. S An oath or declaration of the inventor(s) (35 U.S.C. 37 1(c)(4)). 

10. □ An English language translation of the annexes to the International Preliminary Examination Report under PCT 

Article 36 (35 U.S.C. 371(c)(5)). 

Items 11 to 16 below concern document(s) or information included: 

An Information Disclosure Statement under 37 CFR 1.97 and 1.98. 

An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.3 1 is included. 



11. 




12. 




13. 




14. 


□ 


15. 


□ 


16. 


□ 


17. 


□ 


18. 


□ 


19. 


□ 


20. 





Other items or information: postcard for date stamping only 



JC13Rec'dPCT/PT0 0 4 MAR 2002 



U.S. 4f PI/QATJON >iO (tficnrfwn. sefe 3- 



INTERNATIONAL APPLICATION NO 

PCT/EPOO/08727 



ATTORNEY'S DOCKET NUMBER 

TS0396 US 



2 1 . {XI The foUovving fees are submitted: 

Basic National Fee (37 CFR 1.492(a)(lH5)): 
Neither international preliminary examination fee (37 CFR 1.482) 
nor international search fee (37 CFR 1.445(a)(2)) paid to USPTO 
and International Search Report not prepared by the EPO or JPO ... 



,.$104.00 



International preliminary examination fee (37 CFR 1.482) not paid to 
USPTO but International Search Report prepared by the EPO or JPO 



.,,S890.00 



International preliminary examination fee (37 CFR 1.482) not paid to USPTO 

but international search fee (37 CFR 1, 445(a)(2)) paid to USPTO S740.00 

International preliminary examination fee (37 CFR 1.482) paid to USPTO 

but all claims did not satisfy provisions of PCT Article 33(l)-(4) $710.00 

International preliminary examination fee paid to USPTO (37 CFR 1.482) 

and all claims satisfied provisions of PCT Article 33(I)-(4) $100.00 

ENTER APPROPRIATE BASIC FEE AMOUNT = 



Surcharge of $ 1 30.00 for furnishing the oath or declaration later than □ 20 □ 30 
months from the earliest claimed priority date (37 CFR 1.492(e)). 



CALCULATIONS pto use only 



$890.00 



CLAIMS 



NUMBER FILED 



NUMBER EXTRA 



RATE 



Total Claims 



25 - 20 = 



0 



x$ 18.00 



90.00 



Independent Claims 



3- 3 = 



X $ 84.00 



Multiple dependent claim(s) (if applicable) 



+ $280.00 



TOTAL OF ABOVE CALCULATIONS = 



rn Applicant claims small entity status. See 37 CFR 1.27. The fees indicated above are 
reduced by 1/2. + 



SUBTOTAL = 



$980.00 



Processing fee of $130.00 for furnishing the English translation later than □ 20 □ 30 
months from the earliest claimed priority date (37 CFR 1.492(f)). + 



TOTAL NATIONAL FEE = 



Fee for recording the enclosed assignment (37 CFR 1.21(h)). The assignment must be 
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.31). $40.00 per property) +_ 



$ 40.00 



TOTAL FEES ENCLOSED = 



Amount to be 
refunded: 



charged: 



$1020.00 



a. n A check in the amount of $_ 



cover the above fees is enclosed. 



b. H Please charge my Deposit Account No. 19-1800 in the amount of $1020.00 to cover the above fees. A duplicate copy 

of this sheet is enclosed. 

c. S The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any 

overpayment to Deposit Account No. 19-1800 . A duplicate copy of this sheet is enclosed. 

NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive (37 CFR 
lJ37(a) or (b)) must be filed and granted to restore the application to pending status. 



SEND ALL CORRESPONDENCE TO: 

Del S. Christensen 
SHELL OIL COMPANY 
INTELLECTUAL PROPERTY 
P. O. BOX 2463 
HOUSTON, TX 77252-2463 
713-241-3997 
713-241-6617 




Del S. Christensen 



NAME 

33.482 



registration number 



FORM PTO-1390 (REV 9-2001) page 2 of 2 



•sts= 



I., i 



JC13 Rec'd PCT/PTQ 0 4 MAR 2002 



TS0396 us 

DSC:BAF 

I hereby certify that this correspondence is being deposited with the United States 
Postal Service as Express Mail in an envelope addressed to Assistant Commissioner 
For Pateiris, Box PCX, Washington, D.C. 20231 on or before the date shown below. 



!*ateja^s. Box PCX, Washmgtoi 

Barbara Fisher 
Date: 4 March 2002 



THE UNITED STATES PATENT AND TRADEMARK OFFICE 
In re PCT International Application of 

5 

HENDRIK MARTINUS WENTINCK 
^ Int. Appl No.: PCT/EPOO/08727 

t j 10 Int. Filing Date: 5 September 2000 



n MIXING DEVICE 



4 March 2002 



15 ASSISTANT COMMISSIONER FOR PATENTS 
Washington, DC 20231 

Sir: 

20 PRELIMINARY AMENDMENT UNDER 37 CFR 1,115 

Applicant request entry of the following amendments prior to consideration of the 
claims pending in the application. 

25 IN THE ABSTRACT 

Please add the following abstract: 

The present invention relates to a mixing device for mixing a gaseous stream 
30 comprising a fuel and a gaseous oxidant, which mixing device comprises a cylindrical 
inixing chamber, means for injecting a gaseoxxs stream comprising the fuel tangentially 
along the inner surface of the wall of the mixing chamber, and means for injecting a 
stream of the oxidant axially along the central longitudinal axis of the mixing chamber, 
wherein the diameter of the mixing chamber and the dimensions and location of the 
35 means for injecting the fuel and the oxidant are such that, during normal operation, the 
tangentially injected stream comprising the fuel forms a wall jet around the axially 
injected stream of the oxidant without impinging upon the axially injected stream. The 
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present invention further relates to a reactor for the partial oxidation of a 
hydrocarbonaceous fuel comprising the mixing device and to a process for the catal3^c 
partial oxidation of a hydrocarbonaceous fiiel using the mixing device. 

IN THE CLAIMS: 

Amend claims 1, and 3 to 15: Add new claims 16-25. 

1 . (Once Amended) A mixing device for mixing a gaseous stream comprising a 

fiiel and a gaseous oxidant, which mixing device comprises a mixing chamber defined by 
a cylindrical wall having a diameter, an injector for injecting the gaseous stream 
comprising fuel tangentially along an inner surface of the wall of the mixing chamber, 
and an injector for injecting a stream of the oxidant axially along a central longitudinal 
axis of the mixing chamber, wherein the diameter of the mixing chamber and dimensions 
and location of fuel injector, for injecting fuel, and the injector for injecting oxidant are 
such that, during normal operation, the tangentially injected stream comprising ttie fuel 
forms a wall jet around the axially injected stream of the oxidant without impinging upon 
the axially injected stream 

3. (Once Amended) The mixing device according to claim 1, wherein the 
injector for injecting the stream comprising the fuel comprise at least two openings 
arranged in a perpendicular plane at regular intervals along the circumference of the 
cylindrical mixing chamber. 

4. (Once Amended) The mixing device according to claim 1, wherein the 
injector for injecting the stream comprising the fuel comprise two axially placed apart 
openings. 

5. (Once Amended) The mixing device according to claim 1, wherein d^^i is not 
greater than 0.33 d^^. 

6. (Once Amended) The mixing device according to claim 1, wherein d^^ is at 
most lOQmm. 
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7. (Once Amended) The reactor for the partial oxidation of a fuel comprising a 
mixing device and a partial oxidation reaction zone, wherein the mixing device comprises 
a cylindrical mixing chamber, an injector for injecting a gaseous stream comprising fuel, 
wherein the gaseous stream is injected tangentially along an inner surface of a wall of the 
mixing chamber, and an oxidant injector for axially injecting along the central 
longitudinal axis of the mixing chamber, wherein said mixing chamber has a diameter 
and dimensions and location of the injectors are such that, during normal operation, the 
tangentially mjected stream comprising the fiiel forms a wall jet around tiie axially 
injected stream of the oxidant without impinging upon the axially injected stream. 

8. (Once Amended) The reactor according to claim 7, wherein the partial 
oxidation reaction zone comprises a catalyst, comprises a cylindrical mixing chamber, an 
injector for injecting a gaseous stream comprising fuel, wherein the gaseous stream is 
injected tangentially along an inner surface of a wall of the mixing chamber, and an 
oxidant injector for axially injecting along the central longitudinal axis of the mixing 
chamber, wherein said mixing chamber has a diameter and dunensions and location of 
the injectors are such that, during normal operation, the tangentially injected stream 
comprising the fuel forms a wall jet around the axially injected stream of the oxidant 
without impinging upon the axially injected stream. 

9. (Once Amended) A process for the catalytic partial oxidation of a fuel, 
comprising mixing a gaseous stream comprising the fuel and a gaseous oxidant to obtain 
a feed mixture, and contacting the feed mixture with a catalyst, wherein the gaseous 
stream comprising the fuel and the gaseous oxidant are mixed in a mixing device 
comprising a mixing chamber defined by a cylindrical wall having a diameter, an injector 
for injecting the gaseous stream comprising the fuel tangentially along an inner surface of 
the wall of the mixing chamber, and an injector for injecting a stream of the oxidant 
axially along a central longitudinal axis of the mixing chamber, wherein the diameter of 
the mixing chamber and the dimensions and location of the injector for injecting the 
stream comprising the fuel and the injector for injecting the oxidant are such that, during 
normal operation, the tangentially injected stream comprising the fuel forms a wall jet 



TS0396 US 
DSCrBAF 

around the axially injected stream of the oxidant without impinging upon the axially 
injected stream. 

10. (Once Amended) The process according to claim 9 wherein the gaseous 
stream comprising the fuel is a gaseous hydrocarbonaceous fuel. 

1 1 . (Once Amended) The process according to claim 9, wherein the gaseous 
oxidant is pure oxygen. 

12. (Once Amended) The process according to claim 9, wherein the feed mixture 
comprises the fuel and the oxidant in amounts giving an oxygen-to-carbon ratio of from 
between 0.3 to 0.8. 

13. (Once Amended) The process accordmg to claim 9, wherein the feed mixture 
is contacted with the catalyst at a pressure in the range of from between 2 to between 150 
bar, 

14. (Once Amended) The process according to claim 9, wherein the feed mixture 
is contacted with the catalyst at a gas hourly space velocity of from between 20,000 to 
between 100,000,000 Nl/kg/h. 

15. (Once Amended) The process according to claim 9, wherein the feed mixture 
is contacted with the catalyst at a temperature of from between 750 to between 1400 *^C. 

ADD NEW CLAIMS: 

16. The mixing device according to claim 5, wherein d ^,^1 is not granter than 0.25 

17. The mixing device according to claim 6, wherein d^^^ is at most 5Qnmi. 

18. The mixing device according to claim 6, wherein d^,^ is at most 30mm. 
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19. The process according to claim 10, wherein the gaseous stream comprising the 



fuel is natural gas. 
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20. The process according to clahn 10, wherein the gaseous stream comprising the 
fiiel is methane. 



21. The process according to claim 12, wherein the feed mixture comprises the fuel 
and the oxidant in amounts giving an oxygen-to-carbon ratio of from between 0,45 to 



0.75. 
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22. The process according to claim 13, wherein the feed mixture is contacted with the 
catalyst at a pressure in the range of from between 5 to 50 bar (absolute). 



^"^ 23. 23. The process according to claim 14, wherein the feed mixture is contacted with the 
J^-J 15 catalyst at a gas hourly space velocity of from between 50,000 to 50,000,000 Nl/kg/h. 



p 24. 24. The process according to claim 14, wherein the feed mixture is contacted with the 
catalyst at a gas hourly space velocity of from between 500,000 to 30,000,000 Nl/kg/h. 

20 25. The process according to claim 15, wherein the feed mixture is contacted with the 
catalyst at a temperature of from between 850 to 1350 ^C. 

25. The process according to claim 15, wherein the feed mixture is contacted with the 
catalyst at a temperature of from between 900 to 1300 °C. 

25 



Respectfully submitted, 

HENDRIK MARTINUS WENTINCK 



30 
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1 . (Amended) A mixing device for mixing a gaseous stream comprising a fuel and 
a gaseous oxidant, which mixing device comprises a [cylindrical] mixing chamber 
defined by a cylindrical wall having a diameter , [means for injecting] an injector for 
injecting the gaseous stream comprising [the] fuel tangentially along [the] an inner 
surface of the wall of the mixing chamber, and [means for] m injector for injecting a 
stream of the oxidant axially along [the] a central longitudinal axis of the mixing 
chamber, wherem the diameter of the mixing chamber and [the] dimensions and location 
of [the means for injecting the fuel] fuel injector, for miecting fiieL and the miector for 
injecting oxidant are such that, during normal operation, the tangentially injected stream 
comprising the fuel forms a wall jet around the axially injected stream of the oxidant 
without impingmg upon the axially injected stream 

3. (Amended) The [A] mixing device according to claim l[or 2], wherein the 
[means for injecting] injector for injecting the stream comprising the fuel comprise at 
least two openings arranged in a perpendicular plane at regular intervals along the 
circumference of the cylindrical mixing chamber. 

4. (Amended) The [A] mixing device according to claim U any of clahns 1 to 3], 
wherein the [means for injecting] injector for injecting the stream comprising the fuel 
comprise two axially placed apart openings. 

5. (Amended) The [A] mixing device according to claim 1 [any of the preceding 
claims], wherein d^^^ is not greater than 0.33 d^J, preferably not greater than 0.25 d^J 

6. (Amended) The [A] mixing device according to claim 1 [any of the preceding 
claims], wherein d^^ is at most 100mm[, preferably at most 50mm, more preferable at 
most 3Qmm]. 

7. (Amended) The [A] reactor for the partial oxidation of a fuel comprising a 
mixing device and a partial oxidation reaction zone, wherein the mixing device [is the 
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mixing device] comprises a cylindrical mixing chamber, an iniector for injecting a 
gaseous stream comprisi ng fuel, wherein the gaseous stream is injected tangentiallv alonp 
an inner surface of a wal l of the mixing chamber, and an oxidant iniector for axiallv 
inject ir^ along the central longitudinal axis of the mixing chamber, wherein said mixing 
5 chamber has a diamet er and dimensions and location of the injectors are such that, during 
normal operation, the ta ngentiallv injected stream comprising the ftiel forms a wall iet 
around the axiallv injec ted stream of the oxidant without knpinging upon the axiallv 
injected stream [according to any of the preceding claims]. 

S 10 

J4 8. (Amended) The [A] reactor according to claim 7, wherein the partial oxidation 

|1 reaction zone comprises a catalys t comprises a cylindrical mixing chamber, an iniector 

for injecting a gaseous stream comprising fuel, wherein the gaseous stream is injected 

tangentially along an inner surface of a wall of the mixing chamber, and an oxidant 
y 15 injector for axially injecting along the central longitudinal axis of flie mixing chamber. 
4S wherein said mixitifr rh amber has a diameter and dimensions and location of the inj ectors 

si are such that, during n ormal operation, the tangentiallv injected stream comprising the 

fuel forms a wall iet aro und the axiallv injected stream of the oxidant without impinging 

upon the axiallv infected stream. 

20 

9. (Amended) A process for the catalytic partial oxidation of a fuel, [which 
process comprises] comprising mixing a gaseous stream comprising the fuel and a 
gaseous oxidant to obtain a feed mixtore, and contacting the feed mixtture with a catalyst, 
wherein the gaseous stream comprising the fuel and the gaseous oxidant are mixed m 

25 [the] a mixing device [according to any one of claims 1 to 6] comprising a mixing 
chamber defined bv a cvlin drical wall having a diameter, an iniector for iniecting the 
gaseous stream comprising t he fuel tangentiallv along an inner surface of the wall of the 
mixing chamber, and an ini ector for injecting a stream of the oxidant axiallv along a 
central longitudinal axis of the mixing chamber, wherein the diameter of the mixmg 

30 chamber and the dimensions and location of the injector for injecting the stream 

comprising the fuel and the miector fo r injecting the oxidant are such that, during normal 
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operation, the tange ntiallv injected stream comprising the fuel forms a wall jet around the 
axiallv injected str eam of the oxidant without impinging upon the axiallv injected stream, 

10. (Amended) ITie [A] process according to claim 9 wherein the gaseous stream 
comprising the fuel is a gaseous hydrocarbonaceous fuel[, preferably natural gas or 
methane]. 

11. (Amended) The [A] process according to claim 9 [or 10], wherein the gaseous 
oxidant is pure oxygen. 

12. (Amended) The [A] process according to claim 9 [any of claims 9 to 11], 
wherein the feed mixture comprises the fuel and the oxidant in amounts giving an 
oxygen-to-carbon ratio of from between 0.3 to 0.8[, preferably of from 0.45 to 0.75]. 

13. (Amended) The [A] process according to claim 9 [any of claims 9 to 12], 
wherein the feed mixture is contacted with the catalyst at a pressure in the range of from 
between 2 to between 150 bar [(absolute), preferably of from 5 to 50 bar (absolute)]. 

14. (Amended) The [A] process according to claim 9 [any of clauns 9 to 13], 
wherein the feed mixture is contacted with the catalyst at a gas hourly space velocity of 
from between 20,000 to between 100,000,000 Nl/kg/h[, preferably of from 50,000 to 
50,000,000 Nl/kg/h, more preferably of from 500,000 to 30,000,000 Nl/kg/h]. 

15. (Amended) The [A] process according to claim 9 [any of claims 9 to 13], 
wherem the feed mixture is contacted with the catalyst at a temperature of from between 
750 to between 1400 ° C[,preferably of from 850 to 1350 ^C, more pre ferably of from 
900 to 1300 °C]. 
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MIXING DEVICE 



The present invention concerns catalytic partial 
oxidation of a fuel. In particular the present invention 
relates to a mixing device suitable for mixing a gaseous 
stream comprising a fuel and a gaseous oxidant, to a 
5 reactor for the partial oxidation of the fuel comprising 

such a mixing device, and to a catalytic partial 
oxidation process using such a mixing device. 

Partial oxidation of a fuel, in particular 
hydrocarbons^ in the presence of a catalyst is an 
10 attractive route for the preparation of mixtures of 

carbon monoxide and hydrogen, normally referred to as 
y synthesis gas. The partial oxidation of paraffinic 

rjj hydrocarbons is an exothermic reaction represented by the 

equation: 

15 CnH2n+2 + O2 n CO + (n+1) H2 

There is literature in abundance on the catalysts and 
the process conditions for the catalytic partial 
oxidation of gaseous hydrocarbons, in particular methane. 
Reference is made^r for instance, to EP-A-303 438, 
20 US-A-5, 149, 4 64, and International patent application 

WO 92/11199, 

Since the catalytic partial oxidation reaction 
proceeds at very short contact times {in the order of 
tens of milliseconds), it is necessary that the reactants 
25 are well-mixed when brought into contact with the 

catalyst. Otherwise, the reaction will proceed at an 
undesirable stoichiometry and the desired product 
selectivity will not be obtained. 

The mixture of the reactants of the catalytic partial 
30 oxidation process, i.e. a hydrocarbonaceous fuel and an 
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oxygen-containing gas, is highly reactive and explosive, 
especially at the mixing conditions which are applied, 
i.e. at elevated temperature and pressure and in amounts 
giving an oxygen-to-carbon ratio in the range of from 0.3 
to 0.8. 

In general, the risk of explosions and uncontrolled 
gas-phase reactions is higher when the mixture contains 
more oxygen. In order to minimise the occurrence of 
stagnant or quasi-stagnant oxygen-rich zones in the 
mixer, it is important that the fuel and the oxygen- 
containing gas are rapidly mixed, i.e. that a high degree 
of mixedness is achieved within a short time after the 
reactants are initially contacted with each other. 
Reference to oxygen-rich zones is to zones wherein the 
oxygen concentration is higher than in the completely- 
mixed mixture . 

The degree of mixedness can, for example, be 
quantified by the relative deviation in the ratio of the 
mole fractions of the hydrocarbonaceous fuel and the 
oxygen-containing gas. This relative deviation is 
abbreviated as y and defined as follows: 

(XhC I Xoi) max— ( J&C / Xoi) min 

^ 2. ( Jfoc / Xoi)av 

wherein Xfjc ^"^^ ^02 "^^^ mole fractions of the 

hydrocarbonaceous fuel and of the oxygen-containing gas, 
respectively, in the mixture. The subscripts '^min' , 
^max' , and ^av' designate the minimum, maximum, and 
average ratios found in the mixture. A low value for y 
corresponds with a high degree of mixedness and vice 
versa. A value for y of 0 means a completely-mixed 
mixture. The degree of mixedness at a certain distance 
from the point where the reactants are initially 
contacted can be quantified by measuring the time- 
averaged values for Xhc/Xo2 different locations within 
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the plane perpendicular to the flow direction of the 
mixture at that distance. 

Mixers should be such that a low time-averaged value 
for y is achieved at a short distance from the initial 
point of contact or within a short time after initial 
contact between the reactants. Preferably, a value for y 
below 0.1, more preferably below 0.05, is achieved within 
a residence time of 15 milliseconds . 

It is not only important that the time-averaged 
values for y are low, but also that the flow has a high 
stability, i.e. that the fluctuations in the ratio 
^Hc/^02 ^"^ ^ single location and at short time scales are 
small. Reference to short time scales is to time scales 
in the order of the thermal response time of the upstream 
surface of the catalyst bed, typically in the order of 
tens of milliseconds. The flow stability can be 
quantified by the measure 5, which is the quotient of the 
root mean square and the average of the values of the 
ratio X^c/Xq2 measured several times at a single 
location, each measurement with a short sampling time. 
Thus 6 is defined as: 



wherein n is the number of measurements of Xhc/Xo2 ^ 
single location, each measurement carried out with a 
short sampling time. Ideally, the value for S is of the 
same order of magnitude or smaller than the time-averaged 
value for y. 

Further, in order to avoid uncontrolled gas^phase 
reactions, in particular ignition, the residence time of 




{Xhc I Xo2)i 



av 
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a feed mixture in a mixer should be below the auto 
ignition delay time of that mixture. 

Mixing devices suitable for mixing a hydro- 
carbonaceous fuel and an oxygen-containing gas are known, 
for example in the art of acetylene production or in the 
art of catalytic partial oxidation of hydrocarbons. 

EP-A-303 439 discloses a gas mixer and distributor 
for feeding a mixture of a hydrocarbon feedstock and an 
oxygen-rich gas to a catalytic reactor section. In the 
gas mixer, one of the gases is radially injected by means 
of inlet holes into a tube wherein the other gas is 
flowing. Thus, the radially injected gas impinges upon 
the other gas. 

WO 98/49095 discloses an injector/reactor apparatus 
for the partial oxidation of light hydrocarbon gases, 
comprising a manifold of mixing nozzles upstream of a 
catalytic partial oxidation zone. The disclosed mixing 
nozzles are mixing cups into which one gas stream is 
injected from an axial orifice as an axial stream and the 
other gas is injected from one or more radial orifices as 
one or more somewhat radial streams which impinge upon 
the axial stream. 

A disadvantage of impinging jets is that they can 
lead to flow instabilities, i.e. fluctuations in the gas 
composition at short time scales and thus a high value 
for 5. Flow instabilities lead to local temperature 
fluctuations at the upstream surface of the catalyst and, 
therefore, deteriorate the life-time of the catalyst. 

Thus, there is a need in the art for mixing devices 
wherein a hydrocarbonaceous fuel and an oxygen-containing 
gas can be mixed at a high mixing rate, but also with a 
high flow stability. 

Surprisingly it has been found that a very high 
mixing rate, at a high flow stability can be achieved by 
using a novel mixing device wherein a gaseous stream 
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containing the hydrocarbonaceous fuel is tangentially 
injected perpendicular to an axially-injected, oxygen- 
containing stream, without the occurrence of impingement. 
Accordingly, the mixing device of the present invention 
comprises a cylindrical mixing chamber, means for 
injecting a gaseous stream comprising a fuel tangentially 
along the inner surface of the wall of the mixing 
chamber, and means for injecting a gaseous stream of 
oxidant axially along the central longitudinal axis of 
the mixing chamber, wherein the diameter of the mixing 
chamber and the dimensions and location of the means for 
injecting the fuel and the oxidant are such that, during 
normal operation, the tangentially injected stream 
comprising the fuel forms a wall jet around the axially 
injected stream of the oxidant without impinging upon the 
axially injected stream. 

The mixing device of the present invention is 
particularly suitable for mixing a hydrocarbonaceous fuel 
and an oxygen-containing gas, prior to the partial 
oxidation of the hydrocarbonaceous fuel. Accordingly, the 
present invention further relates to a reactor comprising 
a mixing device as hereinbefore defined and a partial 
oxidation zone. 

The partial oxidation zone may be any partial 
oxidation zone known in the art, such as a non-catalytic 
partial oxidation zone, an autothermal reforming zone or 
a catalytic partial oxidation zone, preferably a 
catalytic partial oxidation zone. 

The mixing device and the reactor of the invention 
will now be illustrated in a non-limiting manner with 
reference to the schematic Figures 1 to 4 . 

Figure 1 is a longitudinal section of the mixing 
device according to the invention. 

Figure 2 is a cross-section along the line II-II of 
Figure 1 . 
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Figure 3 is a longitudinal section of the mixing 
device according to another embodiment of the invention. 

Figure 4 is a longitudinal section of an embodiment 
of the reactor according to the invention. 

Reference is now made to Figures 1 and 2. The mixing 
device 1 comprising a cylindrical mixing chamber 2, means 
for tangentially injecting a gaseous, fuel-comprising 
stream 3 comprising two inlet tubes 4, each having an 
outlet opening 5, and means for axially injecting a 
gaseous stream 6 of oxidant comprising an inlet tube 7 
having an outlet opening 8. The mixing chamber 2 is 
defined by a housing 9, comprising a top cover 10, and a 
cylindrical side wall 11. At its downstream end, the 
mixing chamber 2 is in fluid communication with a 
reaction zone (not shown) , such as a catalytic partial 
oxidation zone. Optionally, a diffuser (not shown) is 
placed between the mixing chamber 2 and the reaction zone 
(not shown) . The cylindrical mixing chamber 2 can have an 
oval or a round shape, preferably a round shape. 

During normal operation, a stream 6 of a gaseous 
oxidant is axially injected into the mixing chamber 2 and 
a gaseous stream 3 comprising the fuel is tangentially 
injected along the inner surface of the cylindrical side 
wall 11 of the mixing chamber 2, such that a wall jet of 
the fuel-comprising stream 3 is created around the axial 
stream 6 of the oxidant. The occurrence of a wall jet of 
the fuel-comprising stream 3 avoids the presence of 
quasi-stagnant oxygen-rich zones along the cylindrical 
side wall 11, 

The axially injected stream 6 has a diameter 12 and 
the tangentially injected stream 3 has a width 13- The 
mixing chamber 2 has an inner diameter 14. Reference 
herein to the diameter 12 of the stream 6 of oxidant is 
to the diameter at the outlet opening 8 of the means for 
injecting the stream 6. Reference to the width 13 of the 
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fuel-comprising stream 3 is to the width in the 
perpendicular plane wherein the fuel-comprising stream 3 
is injected. A perpendicular plane refers to a plane 
perpendicular to the longitudinal axis of the cylindrical 
mixing chamber 2 . 

Figure 3 shows a preferred embodiment of the mixing 
device 1 of the present invention wherein the means for 
injecting a stream of fuel-comprising gas comprise two 
axially placed apart inlet tubes 4 . 

Figure 4 shows a reactor 15 according to an 
embodiment of the present invention. The reactor 15 
comprises a mixing device 1 and a catalyst bed 16 in the 
form of a piece of ceramic foam. The mixing device 1 
comprises a mixing chamber 2, means for tangentially 
injecting a stream 3 of fuel-comprising gas comprising 
two sets of two axially spaced apart inlet tubes 4, means 
for injecting an oxidant comprising a single inlet 
tube If and a diffuser 17 with an insert 18. The inlet 
tubes 4 of the means for injecting the fuel each have an 
inner diameter of 5 mm, the inlet tube 7 of the means for 
injecting the oxidant has an inner diameter of 8 mm. The 
height and the inner diameter 14 of the mixing chamber 2 
are 2 6.5 and 24 mm, respectively. 

It is a requirement of the mixing device of the 
present invention that the inner diameter 14 of the 
mixing chamber 2 and the dimensions and location of the 
means 4,5,7,8 for injecting the fuel and the oxidant are 
such that, during normal operation, the tangentially 
injected stream 3 comprising the fuel forms a wall jet 
around the axially injected stream 6 of the oxidant 
without impinging upon the axially injected stream 6. 

Impingement is avoided if, during normal operation: 

^ox ^ ^mix " 2 . df uel 

wherein 
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dox is the diameter 12 of the injected stream 6 of the 
oxidant at the outlet opening 8 of the means for 
injecting/ i.e. at the point where the stream 6 is 
injected into the mixing chamber 2; 

^mix is inner diameter 14 of the mixing chamber 2; 

and 

<^fuel is the width 13 of the injected fuel-comprising 
stream 3 in the perpendicular plane wherein it is 
injected , 

Preferably, dox < <^mix *~ ^.df^el- 

It will be appreciated that dQx is typically equal to 
the inner diameter of the outlet hole 8 of the injecting 
means . In the case of an oval mixing chamber 2 and/or an 
ovally-shaped injected stream 6 of oxidant, the above 
inequality has to be fulfilled along each diameter of the 
mixing chamber 2 • 

Preferably, the width 13 of the fuel-comprising 
stream (df^el) is not greater than a third of the inner 
diameter 14 of the mixing chamber 2 (dif^^x) f more 
preferably, df^^i is not greater than 0-25 dj^ix- '^^^ 
inner diameter 14 of the mixing chamber 2 is preferably 
at most 100 mm, more preferably at most 50 mm, even more 
preferably at most 30 mm. 

The means for injecting the fuel-comprising stream 3 
may be any means suitable for forming a wall jet of the 
fuel-comprising gas. Examples of suitable means for 
injecting are inlet openings or inlet tubes. The fuel- 
comprising gas may be tangentially injected through one 
single opening. Preferably, the means for injecting the 
fuel-comprising gas comprise at least two openings 
arranged in a perpendicular plane at regular intervals 
along the circumference of the cylindrical mixing 
chamber 2, for example two opposite, diametrical openings 
as shown in Figure 1 . 
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The means for injecting the stream 6 of oxidant may 
be any means suitable for forming a gas jet along the 
central longitudinal axis of the mixing chamber 2* 
Preferably, the oxidant is injected into the mixing 
chamber 2 through a single opening. Examples of a 
suitable means for injecting are a nozzle, an inlet 
opening or the outlet opening of an inlet tube. 

The opening (s) through which the stream 6 of the 
oxidant is injected into the mixing chamber 2 is (are) 
located at the same level or near the level of the top 
cover 10, preferably at the level of the top cover 10. 
The stream 3 of the fuel-comprising gas is preferably 
injected into the mixing chamber 2 at the same level or 
just downstream of the level at which the stream 6 of 
oxidant is injected. 

It has been found that the mixing rate can be further 
improved by injecting a stream 3 of the fuel-comprising 
gas having a width df^^]^ and a major axis in the 
direction of the longitudinal axis of the mixing chamber 
2 which is greater than its width df^ei. Thus, a wall jet 
is formed over a greater length of the cylindrical side 
wall 11 of the mixing chamber 2. This can be achieved by 
means of an opening having an oval shape, for example a 
slit, with the major axis parallel to the longitudinal 
axis of the mixing chamber 2 or by means of two or more 
axially placed apart openings, such as shown in Figures 3 
and 4 . 

The mixing device of the present invention is 
particularly suitable for operating at higher Re numbers, 
i.e. typically above 10^. Reference herein to Re numbers 
is to Re numbers based on the viscosity and density of 
the mixed gases, on the superficial velocity of the mixed 
gases at the exit of the mixing chamber 2 and on the 
diameter 14 of the mixing chamber 2. 
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In order to achieve efficient mixing, the momenta of 
the gases to be mixed should be of the same order of 
magnitude. Preferably, the ratio of the momentum of the 
f uel~comprising gas to the momentum of the gaseous 
oxidant is in the range of from 0.3 to 3. Preferably, the 
density of the oxidant is higher that that of the fuel- 
comprising gas. 

The present invention further relates to a process 
for the catalytic partial oxidation .of a fuel, which 
process comprises mixing a gaseous stream comprising the 
fuel and a gaseous oxidant to obtain a feed mixture, and 
contacting the feed mixture with a catalyst, wherein the 
gaseous stream comprising the fuel and the gaseous 
oxidant are mixed in the mixing device as hereinbefore 
defined. 

Catalysts suitable for the use in the partial 
oxidation of a hydrocarbonaceous fuel are known in the 
art. Such catalysts generally comprise, as the 
cataiytically active material, a metal selected from 
Group VIII of the Periodic Table of the Elements. 
References in this specification to the Periodic Table of 
the Elements are to the CAS version, as published in the 
CRC Handbook of Chemistry and Physics, 68th Edition. 
Catalysts comprising, as the cataiytically active 
material, a metal selected from rhodium, iridium, 
palladium and platinum are preferred. Catalysts 
comprising rhodium and/or iridium are most preferred. 

Typically, the cataiytically active material is 
supported on a catalyst carrier material- Suitable 
carrier materials are well known in the art and include 
refractory oxides, such as silica, alumina, titania, 
zirconia and mixtures thereof, and metals. Alumina- 
containing, high-temperature resistant alloys, such as 
f ecralloy-type materials, are particularly suitable 
metals. The catalyst may comprise the cataiytically 
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active metal in any suitable amount to achieve the 
required level of activity. Typically, the catalyst 
comprises the active metal in an amount in the range of 
from 0.01 to 20% by weight, preferably from 0.02 to 10% 
by weight, more preferably from 0.1 to 7.5% by weight. In 
addition to the catalytically active material, the 
catalyst may comprise a promoter or performance-enhancing 
compound. Suitable promoters are known in the art. 

Preferably, the fuel-comprising gas is a gaseous 
hydrocarbonaceous fuel. Alternatively, the fuel- 
comprising gas is an inert carrier gas comprising 
droplets of a liquid hydrocarbonaceous fuel, for example 
naphtha, kerosene or synthetic gas oil. 

The hydrocarbonaceous fuel is in the gaseous phase 
when brought into contact with the catalyst during 
operation. The fuel may contain compounds that are liquid 
and/or compounds that are gaseous under standard 
conditions of temperature and pressure (i.e. at 0 and 
1 atm. ) . 

Preferably, the hydrocarbonaceous fuel comprises 
methane, natural gas, associated gas or other sources of 
light hydrocarbons. In this respect, the term light 
hydrocarbons" is a reference to hydrocarbons having from 
1 to 5 carbon atoms . 

The hydrocarbonaceous fuel may comprise oxygenates 
{being gaseous and/or being liquid under standard 
condition of temperature and pressure) . Oxygenates to be 
used as (part of) the fuel in the process according to 
the present invention are defined as molecules containing 
apart from carbon and hydrogen atoms at least 1 oxygen 
atom which is linked to either one or two carbon atoms or 
to a carbon atom and a hydrogen atom. Examples of 
suitable oxygenates comprise methanol, ethanol, dimethyl 
ether and the like. 
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The gaseous oxidant can be air, oxygen-enriched air 
or pure oxygen, preferably pure oxygen. 

In the process of the present invention, the feed 
mixture may optionally comprise steam. Optionally, the 
feed mixture may comprise carbon dioxide in a 
concentration of up to 60% by volume of the total feed 
mixture. The steam and or the carbon dioxide may be added 
with either the fuel-comprising gas or the oxidant, 
preferably with the fuel-comprising gas. 

In the process of the present invention, the feed 
mixture comprises the hydrocarbonaceous fuel and the 
oxidant preferably in amounts giving an oxygen-to-carbon 
ratio of from 0.3 to 0.8, more preferably of from 0.45 to 
0.75. References herein to the oxygen-to-carbon ratio 
refer to the ratio of oxygen in the form of molecules 
(O2) to carbon atoms present in the hydrocarbonaceous 

fuel. Oxygen-to-carbon ratios in the region of the 
stoichiometric ratio of 0.5, i.e. ratios in the range of 
from 0.45 to 0.65, are especially preferred. If steam is 
present in the feed mixture, the steam- to-carbon ratio is 
preferably in the range of from above 0.0 to 3.0, more 
preferably from above 0.0 to 2.0. 

The feed mixture is preferably contacted with the 
catalyst under adiabatic conditions. For the purposes of 
this specification, the term adiabatic" is a reference 
to reaction conditions under which substantially all heat 
loss and radiation from the reaction zone are prevented, 
with the exception of hot gas leaving the catalyst. A 
substantial prevention of all heat losses, means that 
heat losses are at most 5% of the net calorific value of 
the feed mixture, preferably at most 1% of the net 
calorific value. 

For applications on a commercial scale, elevated 
pressures, that is pressures significantly above 
atmospheric pressure are most suitably applied in the 
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process of the present invention. The process is 
preferably operated at pressures in the range of from 2 
to 150 bar (absolute) . More preferably, the process is 
operated at pressures in the range of from 2 to 100 bar 
(absolute) , especially from 5 to 50 bar (absolute) . 

Under the preferred conditions of high pressure 
prevailing in processes operated on a commercial scale, 
the feed mixture is preferably contacted with the 
catalyst bed at a temperature in the range of from 750 to 
1400 ""C, more preferably of from 850 to 1350 ^'C, even 
more preferably of from 900 to 1300 **C. Reference herein 
to temperature is to the temperature of the gas leaving 
the catalyst. 

The feed mixture may be provided during the operation 
of the process at any suitable space velocity* It is an 
advantage of the process of the present invention that 
very high gas space velocities can be achieved. Thus^ gas 
space velocities for the process (expressed in normal 
litres of gas per kilogram of catalyst per hour, wherein 
normal litres refers to litres under STP conditions, i.e. 
0 ""C and 1 atm. ) are in the range of from 20,000 to 
100,000,000 Nl/kg/h, more preferably in the range of from 
50,000 to 50,000,000 Nl/kg/h. Space velocities in the 
range of from 500,000 to 30,000,000 Nl/kg/h are 
particularly suitable for use in the process. 
EXAMPLE 

In the reactor (15) as shown in Figure 4, a 
stream (6) of 4.4 grams per second of oxygen (density is 
1.7) having a temperature of 22 °C is axially injected 
through the outlet opening (8) of inlet tube (7) and a 
stream of 4.7 grams per second of natural gas (density is 
0.6) having a temperature of 235 °C is tangentially 
injected through the outlet openings (5) of inlet 
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tubes (4) at atmospheric pressure. The resulting Re 
number is about 30,000. 

The composition of the mixture of natural gas and 
oxygen is measured at several locations in the cross- 
sectional plane along line A-A, i.e.- downstream of the 
insert (18) . The residence time of the reactants in the 
mixing chamber (2) is 1 milliseconds, in the 
diffuser (17) 10 milliseconds. The value for y, i.e. the 
time-averaged value for the relative deviation in Xhc/Xo2 
in the cross-sectional plane along line A-A, is 0.03 and 
the value for 6, i.e. the quotient of the root mean 
square value and the average value of the Xhc/Xo2 values 
measured at a single location in the plane along line A-A 
and at short time scales, is 0,03. 

It will be appreciated that higher pressures, i.e. 
typically 40-50 bar, will be applied on a commercial 
scale . 



wo 01/18451 



- 15 - 



PCT/EPOO/08727 



CLAIMS 

1. A mixing device for mixing a gaseous stream 
comprising a fuel and a gaseous oxidant, which mixing 
device comprises a cylindrical mixing chamber;, means for 
injecting the gaseous stream comprising the fuel 
5 tangentially along the inner surface of the wall of the 

mixing chamber, and means for injecting a stream of the 
oxidant axially along the central longitudinal axis of 
the mixing chamber, wherein the diameter of the mixing 
chamber and the dimensions and location of the means for 

10 injecting the fuel and the oxidant are such that, during 

normal operation, the tangentially injected stream 
comprising the fuel forms a wall jet around the axially 
injected stream of the oxidant without impinging upon the 
axially injected stream. 

15 2. A mixing device according to claim 1, wherein, during 

normal operation, 
^ox ^ ^mix " 3 . df uel 
wherein: 

dox is the diameter of the stream of the oxidant at the 
20 point where the stream of the oxidant is injected; 

^mix is diameter of the mixing chamber; and 

^fuel is the width of the stream comprising the fuel in a 
perpendicular plane wherein the stream comprising the 
fuel is injected. 
25 3. A mixing device according to claim 1 or 2, wherein 

the means for injecting the stream comprising the fuel 
comprise at least two openings arranged in a 
perpendicular plane at regular intervals along the 
circumference of the cylindrical mixing chamber. 
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4. A mixing device according to any of claims 1 to 3, 
wherein the means for injecting the stream comprising the 
fuel comprise two axially placed apart openings. 

5. A mixing device according to any of the preceding 
claims, wherein df^ei is not greater than 0.33 d^ix/ 
preferably not greater than 0.25 dj^i^- 

6. A mixing device according to any of the preceding 
claims, wherein d^t^x is at most 100 mm, preferably at 
most 50 mm, more preferable at most 30 mm. 

7 . A reactor for the partial oxidation of a fuel 
comprising a mixing device and a partial oxidation 
reaction zone, wherein the mixing device is the mixing 
device according to any of the preceding claims. 

8. A reactor according to claim 7, wherein the partial 
oxidation reaction zone comprises a catalyst . 

9. A process for the catalytic partial oxidation of a 
fuel, which process comprises mixing a gaseous stream 
comprising the fuel and a gaseous oxidant to obtain a 
feed mixture, and contacting the feed mixture with a 
catalyst, wherein the gaseous stream comprising the fuel 
and the gaseous oxidant are mixed in the mixing device 
according to any one of claims 1 to 6. 

10. A process according to claim 9 wherein the gaseous 
stream comprising the fuel is a gaseous hydrocarbonaceous 
fuel, preferably natural gas or methane. 

11. A process according to claim 9 or 10, wherein the 
gaseous oxidant is pure oxygen. 

12. A process according to any of claims 9 to 11, wherein 
the feed mixture comprises the fuel and the oxidant in 
amounts giving an oxygen-to-carbon ratio of from 0.3 to 
0.8, preferably of from 0.4 5 to 0.75. 

13. A process according to any of claims 9 to 12, wherein 
the feed mixture is contacted with the catalyst at a 
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pressure in the range of from 2 to 150 bar (absolute) , 
preferably of from 5 to 50 bar (absolute) . 

14. A process according to any of claims 9 to 13, wherein 
the feed mixture is contacted with the catalyst at a gas 
hourly space velocity of from 20,000 to 

100,000,000 Nl/kg/h, preferably of from 50,000 to 
50,000,000 Nl/kg/h, more preferably of from 500,000 to 
30,000,000 Nl/kg/h. 

15. A process according to any of claims 9 to 13, wherein 
the feed mixture is contacted with the catalyst at a 
temperature of from 750 to 1400 ^C, preferably of from 
850 to 1350 °C, more preferably of from 900 to 1300 ""C. 
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